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THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an iron-based 
rare earth alloy magnet which is small in rare earth 
content, high in magnetization properties, and excellent 
in rectangularity on a demagnetization curve. 
SOLUTION: An iron-based rare earth alloy magnet has 
composition represented by a compositional formula, 
(Fe1-mTm)100-x-y-zQxRyMz. T is one or more elements 1 
selected from Co and Ni; Q is one or more elements 
selected from B(boron) and C(carbon); R is one or more 
rare earth elements excluding La and Ce; and M is Ti. In 
the formula, (x), (y), (z), and (m) are so set as to satisfy 
formulas, 10<x<20 atom%, 6£y<10 atom%, 0.1^12 
atom%, and 0^m^0.5 atom%. This magnet contains a 
Ti-based boride phase even in a stage in which it is 

solidified by quenching, and a structure capable of displaying excellent magnet characteristics 
can be formed in the magnet by the action of the Ti-based boride phase. 
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S. T i MSB. T i »*0fb1WH©iE«-C» 

So 

[0043] «±©C #©C tifij&u.? Z>t% 

[0044] #&BJ!©££fflfiS$5ffl©<i: 
tfciMKs*** (B) *tff&l/Ct>«t|6. jg^&S 

4, SJWlg-CT i B,fc4*©T i*#?fk*rtlWS7* 

*7TXffi4uc»»o&a»«H^*«S6n*. c© 

^MtbTT i B,fc4*©T i»*^^bWi^^ife 
ft* £. *©JSffifi{S5«WCB. Ti»*-> 
fbWOMtO^AtcBiWlHIdn. Bi*S©ffiT*«fe0 

5. Nd^Fe A S T i **>>{fc1WaKB«Lat.»4ffi0i 
•TSi. T i S*->ft«rtB©JSHifi»«WCB. Ndfc 
<fc l>* F e *Jfi«r , U&fcB ©^S t teWBtCtt 

l>. C©«fc5fttfc*J-CB. Nd,Fe 14 B«SfifcgL-f>-r 
<ftS„ *©*££. Nd,F e„ BcDWHi ■ 
(STb, iSSrfbiS^a.CERL'-rBa-FetlOSfffl-SE 
A«t£0&MrtC. *»&«©Nd,Fe 14 Bffi*4JlW 
SCi*SpJfil«:ftS. -Tfttofe. T i *»i««±3R^A 

X^iC^fiST-Si. a-F etl©^a^f£P$IJLoo. N 
d, F e 14 BtB^ffi5felWCC«T{il • J&g $ C b mm 

[0045] H^Ci: <fc5£. *S B B B <bM*!iIiXfi©ttjWI3 
(^©ib$5Wi£t,^ia|!g) Kfc^r. T i £*^bl5 
ffi©ififfTNd,Fe 14 B*B*«*<«TfflU *©». M 

Miijag©±#tcifcft-,T. t i itmm^m 
titcmm (b v K?»att©«ai*'^ki!rta*« 
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[0046] ttSWFtt^ff Ml* &IW&fC J: & i . T i m 

tgg«±cDT i jj5asjp3ns<t*Po-cfiT-r*«(Sj*s* 

C©J:5tc. T i ?^©i§a]K<*^T&8Btf)H t ,# 

ttl/. Nd,Fe,,Bffl©£j»#»attSfc»i#* 

[ 0 0 4 7 ] T i %WMLtj;ft">1t®£i^ N d 
,Fe a ,BtB©*Tffl«C5fe/co-Ca-Feffi*J*TmU. 

pg-C a - F e ffilitt*<tl/"C* 0 . J85fttt*«£{b-f 

[ o o 4 8 ] «t. *m<mw&±m&&mEi* o 
HWtci»3-r&. 

[0049] *^©^S#±jg^«5fi. #»C 20 
». *©«J3B$#> (Fe,..T,) ,Q,R y M«-C 
^$n^ 0 CCt, TttCoiij:a'N i iPh&Zmfr 

p>mmtitcim!H±<D7vm> q«b (*■?*) 

RttLa*<fcCfCe4£SfttM Wa±©*±»£R7C 
Sg. MIST i ~C#>S„ 

[0 05 0]«JiRIt$*ffl3ei-*x. y. z. fciffm 
«. ^-n-eti, 10<xS2 0)MT%. 6Sy<10H 
0. Uzgl2If%. fcWO^mSO. 5 
©Hfl*«£TSC£jWffSU>. 30 

[ 0 0 5 1 ] C©J: 5 ^$8W©tt**±S££SBE 

». t i *jjsaiofc#±a-tt-a3it * 

©1 0/liF%*jir&2.K*>*^toP,-r > TiOiiK 

^&ft©$3i#fai3tt-£>. 

[0 05 2] *^©ft^±9(&&ffiE-?iS. fffifttt 
*B (a-Fe^*^b»i-(D?Sai4tl) ©¥$*S 

1 n mfeLh 5 0 n m«T©«ffl«C*Sfc». § 40 

tWEtt^saftfts^Kjcortt^-r**!*. watt 

©R , F e , 4 B m&WBBlWc a - F e tS^S* 9 

[0 05 3] *#J§rtt. R,F e 14 B£Hk£% 
SrW? S 9 it<WB* a - F e ffl ££f£lT SCi* 
B(ttRMWfcl. 5T) *> Fe„B, (ttttfiftb 1 . 6 50 
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T) -C*4. CCT, R.Fe^BOfiSfifflWbttiftl. 
6T-C&9, a-F etl©i&fD»{btt2. 1 T"C*S. 
[0054] jlft, B©JgJ&tb*xtf 1 0 K?X£jB 

ly*»fc#±«7£*R©»Stt*y*JeiR^XfeU:8 
JRT-XJHT©*H«: * R , F e , , B , ifi&m$ ti 

■Cfc-^-C^ #HHB©J:5K:T i £)&art£C 

•C, R ! Fe 1) B ) ORfc9lCFe !) B ( ^a-Fe*B?; 

[0055] ^m^ommvz^tni. r i gaunt, & 

*§&/cW. V. Cr, Mn, Nb. M o & £* ©ffe©«« 

<n&mz®Mb?cm£tmrj:*) . wtomr»ss.cf. 

trL5S8Hb*S|Sj±r*Ci^to*>^fc. T i £8S 
JfflLfcig^KK. Mj$©fl!!©$;Jro7c3R<»:l;k-<, 

©£fiX£«Ji|HJT S±-Cfifi«c»* * -5 tUX hti 
S. 

[0056]*fc, T i fcgyjDbTtfS^tt. a-FefB 
U-C. R,Fe„B«*»a-FefflHi*©9S»tt«** 

&u -enfcior. ^rtK3as«±©3iiG&tt*B£ 

b. V, C r&£*©^S^£SSIlQ I, fc*§£tt. a-F 

e mtmm-r s <t 5 ^jt^am^fis^-c a - f e « 

©&^S^*t < iitf a-F etB©fi8{b*|Sj*i«SBE 

*. ««ifta©ft»tt**#<fi"Frs. 

[0057] ftii, Nb. Mo, W£gs;JjnL/<:t§£. a 

- f ettmtobtx^mms^m&mwvimm'kfT 
if-sci^pite-c*.s^. c©«t^«ciia-cisw!ia*ff 

«toftA4TB. Ri F e 14 BSiRflHtftte«^m© 

tc. H«cK«,»«ItrllM!ffli*tTac5 4. 7tA7r^ffi 
*^P>a-FetB*st)f|ll-rS. C©a-Fetl«, M=& 

•J-S. C©/c«>, a-Feffi©fiWfc*iaj#W8ltt«t© 

0: r*»«:«BRS tift < & 9 . i^iii^© 
ffi*tt*>*»<#ftbr OS 9 c itches. 

[0 0 5 8 ] V-^C r £8SajCfci©£tt t 
©»ta*«*« Fe(CH»L». R»«tttt(C*^f*fc 

JB»**©ft»tt*»*fbf*. 
[0 0 5 9 ] COXSltT i%®tol>tcm£<D?>. a- 

f effi©a*<k*aw«:«iiwL. %m&<o&m*wm 



(7) 

XI 

mm.?z>ctimm:t£Z>. wc. t i b. m& 

ftmic F e tm (8Ko-Fe S r - F e ) 

©nffl£ii?>t!\ &ftmift<o&ti5&®%ic-r : !>fzmt 

Mi«JUM' 4IS©^*«iS4 1 0"C/#~1 0'"C/ 
IHitt©Jt«ttffil»tt«: Ut h . a - F e tB£ffiW § # 
SC4ft<, R 1 Fe 1) BS8StSi7 ; tJl'7 7Xffii 

^warsjw&^tfw-i-sci^pjtttcfe*. c© 
cut. m^oiim^mo^h. ®K.mmK.mi,tc 

zhVv-7*+zhmaMm*aJ®lcirZtLtb. fi^x 10 
Mbfcio-cfigr-**. 

[0060] ££$&*:iiftl,TM4££&fS£:frf£ £ 

ur. >)? < z.K.j:zmm<D&mmwiftt£t> 

<-x M v + x h£B£Mfe#it;< . 813^ h© 
®t>#?£-C£>£„ R-Fe- B3M£±SS£:&<D®i!£X 

x-TwyrzittZMt. mn. B (*^) £10 
BFF%y.±mmT?>&mftihZ. C©<fc-5fcB£^<m 

*K»ffU «K«:{ltigiSBnMl««e>h&t,». *©m 
». ^tt^f«tt*#fcTU SBWt©ttT*S*-r 
5. bifiLUttb. **W©J:SK:Ti4Rftrr*£. 

[0061] [&a©iR£aA] qb. -e©£s#B 

(*■?*) *»e.«W53*i**». *fctt. Bfc<fctfC (K 

mat* x *s i o 4 a 4 . mv&M&m 30 

M80kA/m*S9©H t ,l/*>?#&ft&<,>. */c. jffi 

+ x hft=£Sffi-Ct < ft 0 . **«B©»8*UJr U 
■tL$5C£«:&S. Q©iffl^;J:b$x*52 out- 

«Mb**-rsa-Fe«©»aEJt**jjfej>-r*fca). n 

uLWcfctzcttmitis^. 

[0062] RB. LafcMC e^HIfitjKtSftU 
#±^7cSr-*-S. LaS/ctiCe^^-rsi. 

(o. sjhwkt) v^mmmAtzwrntb 
xft&?z>w&wmt£\,K .to rb. p 

©i&&7G*©-»4 D y feJ:OV*fcBT b Xffl&bX 
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■?z>it-&mw%ftt,tmm-?. 4 8 0 k A/mtLk© 
*->{b»«^>«-Fe«©s«E«3WfiTb. tft/&#«» 

B«*«KB,©i»i±«:«^LJar<J!cilS*. 0. 7T 

©SWKrffSfciMctt. #±SBE*R©ttfiRJt»y«6 
I«H1 1 0Jl^-%*Si©IIHK:SSI5-r-5c 
U>. J:0fff*U>R©SMB6. 5E^-%fe(±9. 5 
M-7-%«T-C*0. H«C#*U>R©fiH«7. 

%fej±9. 1 jnwetTt?**. 

[0063] MBT i Xhh, TiB, T i 

*;u*-8i (bh) ...fcisuLsea. 

[0 064] T i©fflfiKJ:b^z*5^*O0. 1 J1T%* 
m&fttWC&ZlbU^. -13. T i (Dfflf&itM z iflik 

ft© 1 2 KWfcH*. 5 i . fe B B a <biiMa^^gl#-r * 
r**?T;Mi©flm*>wrrfc». ^asa^ssB 

r ©ffiT&JB*-r&. W±© <:£#>*>, fflfiStb*zB 
0 . 1 JUT- «£i± 1 2 J®^% «T©«H i f C i *$» 
HK»*l/^TiiMt©WI©TIRB3»;^« 
•C*0, Wc#*U>Tiitt©im©±l«tt8. 0M 
T-%-C*-S. *yt v Q©fifiShb*x*sm>«4'. Q&ffl 
PJ{C t07^7 y Xtl^fiSS tl-Pt^OV, T i i£ 

o. i ^ tc fflfiS j:t^=&isaas-r s c <t 

tb<. z/x^O. 2%«aS#6Ci^cfc*)»SlU 

[0065] Fed, ±M<D7tm<D^W%&*£&Z> 
i)\ F e©— oP^rC o&NfctfN i ©-S*fcB-g©^ 

m&m7tm (t) t?g&ur&Bfn©TO«, ! ittt£f# ^ 

CimS. F.eCCM-rST©aBfea*«5 0%«:ffljt 
S4. 0. 7TtLh©»,>«BSBBtaS«B r 3WI6n«: 
l». C©fc©. «ft«ttO««±5 0X«T©«llK:|R 
StSCiWiW*. fJlii, F e ©— S|5?r C o VM.t& 

,Fe„ BtB©+ * 'J -fiKaWJW-Sfcfc. UiStt* 5 
WJ:-J-*. CoKJ:*FeSKft*fl!»f*l/l>ttH»0. 
5%ti±4 0%«Tr**. 

[0066] #fC> *l6HJ©jiT$ 
[0067] «AK. 0 3 KiSTfcte 

jaRR*Fe*^t»]j^#©Wb*IK«fc«>. ^rStt 
Or B, ij $ A*fctt7;W:*>tSf©##**>2**JB 
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[006 8 j B3 Ogata. g£* 

03 (a) tt£<**fjj&0-c«9. 03 (b) tt. 

-8U©t£*0-e£>6. 

[0 06 9] 03 (a) K.mZtlh&'HC^ jgjB^l 
tt, BM©«5^teBS«caSJ:5KB^3*ifcjm2 10 

*#TSINI*S4£, *ft©«A%»IWl/OoE^i( 
3 l»jlc«|&"J-*»:i{>©B^Jifftttt««8 £ 
iflUtl**. B*m4tt*fte&©ftit2 1 iff 

[0070] Sl&iE2 tt. ffl»yX;W5*>6Ufc®»2 

[0 07 1 ] C^IKfcOtU; SfB^ 1 20 
£ 2 rt© JOTftfci *©BE#**BB£©«II «:«• 3 ft 
■5. %<DtcibUL> JTH&tfX&teP 1 b, 2b. fcJ:V 
8b£#XgEMPl a. 2 a. teJ:0'8 a timmfom 
#jftfi3r(cijwe>ft-c<,>£. ^K^ttaP2att. 
ft£ 2 l*J©it§*fE£X£-~ 5 0 k P a ©SBACcMttP"*- 

[0 07 2 ]«lij|P3«ffl«f?rt8r**). n-h6*:A- 
l/C*j|2 1 *Rfll$84rtK:aS&?&&. Z§&2 1 
(SlftftgS 4 ft ccfc <, > r *0^©»D»ggK: j: o r MM 
3ft3. 30 

[0 0 7 3] Bf»S«4©ia»y'X;l'5«. Sfi?Sl£ 
*»£2£<DMfcEB3h. i7^§S4rt©^iS2 1 
*T*(ctl«'rs?&ain-^7©«iiK:*T3-B'S. ffi 
»yX^5©*';7^^Stt. m«0. 5~2. 0m 
mt?**. m,2 1 ©*Stt*J*SH>»^. $7*2 lttffl 
&^X;U5F , 9*igftCC<<ft£# > #fS*&J$8"Ctt&$ 

J«ai£«l»S2£©IB(CEE**>Wi5iaSti. «M2 1 
©Htft# X A - X{C»f $ ft h . 

[0 07 4]^an-^7tt. Cu. Fe. *fc»Cu 40 
Fe«*©tmT»9n-A*ft|«-a£. &#££© 

a-jMc#*#<te*ft#*»)»*l,<ft<,>. ftipa- 
JU7©itfItt0i|^tt3 0 0-5 0 OmmTNfc*. ft3o 

-* 7rttcKw fc*?ww©*&iwjtt. £fi>$Ra*fc 

0©WMM(l£Ul»«£«:i5i;-C|iaiL. IStpSftS. 
[007 5] 0 3 {C^-TggtC «fcfttt\ flAtt^SH 0 
kg©M4£££l 0-2 0^ttl#ai3^Ci 

ftx-nh. ovxmi&LtcMtte&it. matt. J? 50 
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3: 10~300t/m. if! : 2 mm-3mm©^l| 
2 2£ft*. 

[0 07 6] [RffcUMfe] *r. fJ^©fflfiS^-C*31 

^ tim®£&<mm 2 1 l , 0 3 vmmn 1 © 

««««4«:Bf**. *fc. c©«»2 l«dfi»/X;I/ 
5*»6«EA r#Hm t t 1 ©7k^n-;U7±K:ffi^5^. 
*^a-;U7£©^MK<t->-Cli^3n. <8@-TS. 

[0077] *nm<&©ti£. 8*2 1 (Dftmmmic 
mvx. 1 x 1 o'~ 1 x 1 o"c/#£-r* 

C£*«#*l/<. 5x l 0 J ~1 x 1 O-C/^i-TSC 
[0 07 8] &&©jg»2 l*s»Sin-;l'7K:J:->T& 

»sh*«nB«. Be-r&tt&ci--*7©ftMffliK:g< 
&*^LT*»6*ft6*r©«*i>Kc«3u *©m 
cc ^©iasttfiTb. jssts. *©». mmotc 

#bft*8*. -e©sgttHcc<ETTS. 

[0 07 9 ] *jg!feJBJ8r tt. a -A^ffiilK* 4 m/ 

Tim*wtmi>k&». *ti«i*©a»Bi87* 
&a>. mtfit?ztkm%±m&&mEtm*mhtitj:< 

Sc-5©"C*f*L/ D-^®JSiia^5o 
m/#5:Si?.i. D^W7<A7 7^fflil5! 
4fc», a©tt«k«MS£CB*ffft9*l^. S^b7- 

*L<ft<<>. W$U>a-^#iIg©iEHtt5m/# 
«±3 0m/#t(T-cabO. «fc 9»* Ll>n-;US»iS 
K©IEBtt7 m/#W±2 0 n/SHTTS. 
[ 0 0 8 0 ] ft*. *#feW-Cffll >£££?&&©&$£ 

7Y-?4Xm, XV ') Ym, M«Ctt. 

■oXh^K 

[008 1 ] ±!£&^*6©*'Cfc. X h 'J 5 7'+ h 

a©^*Pi§KttJ:b^<g< . i o 1 - 1 o • 'c/tpxib 

i. «9t»»"Ctt. ®<?3ftl:©T i 4 
C£CC«fc0. xh'J^'+tXFita^-CiFe 
V9A«d £ ft t>«ffl«li#*¥* A»4«U^fe*»SR 

•n>c£*s-ct4„ x v V v-x** xvmit, xmmm 

3NS©»*feft»ffi©*»ei«HT-C*«fca6. ita-;l/ 
ft«ctt'<'C*«©A»^*fWJ-'5«^«:«tt"C* 

^ttltft^ti^. Ti©KtoD(CCr. V, Mn. 
Mo. Ta. to£V/£Mm*milQMcm&mZ> X 

v>)yx*+xmzmux&tiiG&z&m\sXb. f 
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e«Mi**<dtt*Mffli(bWfeBW*&«>. mmv&m * 
[0 08 2] [mm] 3W»»«w« 4 «MBi*r^ 

/#~2 0 -C/#i LT, 5 5 0 'C«±8 5 0 "CITF© 

ft*. #3SWfc<fcft«\ TiSt^fb 
«Jffl©»*K:J:9. o-FeftiOiftKNd.Fe,, 10 
B£&S41tfl££l/. a - F e «©a*fl3W*itS*i5 
£<!: <Mt. »t©*t>^*9<tWB&»£lS3*i3fc 

ft, «e«tt*tifii±-r*. 

[0 0 8 3] ftfc, g«aSg# 550 -CfcTllSi . 
R, F e„ BS*SStB#tfrfflU«e<,>fcft. fiaa*#2£Sl 
*fc. f»»fflBfl»*8 5 0T;*B*.S4. 

«sfli©ttjaEfi*«*i/ < . b,jW5tu g 

«Mii«©ft3Btt*^<tr5. t©fcft. &&asK«5 

5 0 m C&.± 8 5 0 *CJyT**»* U>#. XKlftt U>3& 
MSaK©S5H tt 5 7 0 "CeLh 8 2 0 "CfelTT* S. 20 
[0084] «UK»*BA». ^©»ib*B5±-r<Sfc 
ft. 5 0 k P a fcTF© A r tfX-^N, #Xft £©:Rgtt 
iiXifiUt U>. 0 . 1 k P a KTF©*£<p-C»8«I* 

[0 0 8 5 ] &«it«©:§ift££ w*. t i mt^it 

MBisXVT**? r ^fflfctfftc. Fe.Bffi. Fe„ 
B.«. R t Fe„Bffl. *J:7R,Fe„B,tB*©l*£ 

cfcot. R.Fe.jB.ffitttfi&U R,Fe,,BtS©g§ 
WfiBWbi^. S/ctt. •etiJ:0fe*ir>iafPS8Kb«r^'r 30 
0%*9<HM1 (mtiFeuB.) ^a-Fetlfcig 

[00 8 6 ] ttlW£fB©¥$ta£ttS*s 1 

n m£Lk 5 0 n mfelT©ffl» ( * ■> 3 V> v Y «JS) 

*»6hS. &*s. «®ffltfa±©«M»»6. &»ttfB* 



©¥^lltta«5 n m«±5 0 n mWT©l5HK:*<& 
C ttiWt U». $2PJ©il£. a - F e 

ft. «nfc«»i*tt#iai3ns. 

[ 0 0 8 7 ] ft*. ffl|jmr«:ft&£&©iV«&&< ® 

[0088] mm&. nhnit$m%±%i&mE* 

P>^D©Ig(CcfcoTffl^©**> K«E*«Jt-rSC4 

K«©«K©«tft. W*.«Sm-Fe-NJR8t&*"- 
[ 0 0 8 9 ] ±MO#> F«E*flH>'C*-**>r**' 

[0090] *amorsa>#V9 vm%z8HUf$.& 

*> KWSfflKm»*iI£tt> ttft** 1 5 0 nmOTtc 

©f^PSStt 1 (imHl 10 0/1 mKTT*S. S/e. 
E«R0g#> F«EEffl«:ffll>SJt^«. «tg* J 3 0 0a 

UC»t»*©^tftS« 3 0 u mfcLk2 50 (i mfilTT* 
5. S6K»*H,»«HB5 0 /im«±l 5 0//m«T 

[0091] (xtkMiJttm) sr. mom 1 

•J-tf)a4Wr*UW4 (No. l~No. 6)©&*K:o 
HT, **S9 9. 5%J-Xk©B, C. Fe, Co. T 
i. *jJ:y - Nd©#mrffll<>Ti|iS#3 0g^7Ai& 

HNo. l ~N o . 5 ta**w©ms««:«S I/, sm 

No. 6tttb«WctBSTS. 
[0 092] 







M(at%) 


D-MI 


mn 






Fe | 


B 


R 


M 


M/s 






1 


Fe68.5 


15 


Nd8.5 


TI8 


20 


680 




2 


Fe72.5 


15 


Nd9.5 


Ti3 


15 


740 




3 


Fe70,0+Co2.5 


15 


Nd8.5 


TI4 


20 


680 


m 


4 


Fe71.5 


B14+C1 


Nd8.5 


Ti5 


12 


700 




5 


Fe66.6 


15 


Nd8.5 


Ti10 


25 


720 


















IS 

&1 


6 


Fe76.5 


15 


Nd8.5 




30 


760 



[ 0 0 9 3 ] m 1 &tfct>T, mZM TMj t&mLX^ 
*>m<D TT i 8 J tt. 8MiF%(DT i «r«ftl Uc C t % 

[0094] jBaBffilCCfflt^CSISoHB, JS3SCB 



BE**U. 3 3kPaCDT;U^>#ffl^TtC*$^TWjg 
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5 0 0 Ofc. 
[0 0 9 5 ] £sfejg»©»ffi«r 26. 7 k P aCDA r # 
^rJjDE'TSCiiCior, *V7 4 ZOTfiO. 7m 

ia»»K«:»<W?fc!;#> («: 2-3mm, JfS : 
2 0-50/im) <DJB»*l#oc±tC&S. 

[0 09 6] *HS6Wr»fflTS@Ko-^ffi (mn~ 

*Hl»«rtt, tU7^rX«SS0. 8mm, 
ffi#*2 6. 7 kPa, *Tl/-h*»0. 5-lkg* 



[0 0 9 7 ] *ISSSWr tt % SKC^-T J: 5 a-jw 

as (p-iWKiaiav.) sKjeofc. 

[0 09 8 ] CO<J:^«cLrffote«(*cSi»ffitc<fcor 
ffiHSti^SUft^OfflfttC u K a©«ttX«c,fco 

*7 7Xffli*SBtH (T I B,tB) £#8fcUfcffltt*s 
[0 09 9] ^tc, No. 1-No. 8<DSL^#*A 
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CLAIMS 



[Claim(s)] 

[Claim 1] an empirical formula — 100(Fel-mTm)-x-y-zQxRyMz (one or more 
sorts of elements chosen from the group which T becomes from Co and 
nickel — ) One or more sorts of elements chosen from the group which Q 
becomes from B and C, one or more sorts of rare earth metal elements 
with which R does not contain La and Ce, M is expressed by Ti. The 
presentation ratio x, and y, z and m, respectively The iron machine rare 
earth alloy magnet which satisfies 10< x<=20 atom %, y< 6 <=10 atom %, 
0. K=z<=12 atom %, and 0<=m<=0. 5, and contains an R2Fel4B mold compound 
phase, a ferromagnetic phase, and Ti radical boride phase. 
[Claim 2] The average size of said ferromagnetic phase is an iron 
machine rare earth alloy magnet according to claim 1 which is within the 
limits of lnm or more lOOnm or less. 

[Claim 3] Said ferromagnetic phase is an iron machine rare earth alloy 
magnet containing an iron machine boride phase and an alpha-Fe phase 
according to claim 1 or 2. 

[Claim 4] Said iron machine boride phase is an iron machine rare earth 
alloy magnet according to claim 3 characterized by including Fe3B and/or 
Fe23 B6. 

[Claim 5] An iron machine rare earth alloy magnet given in either of 
claims 1-4 with which the presentation ratio x and z are satisfied of 
13<=x<=20 atom % and 3.0 <=z<=12 atom %, respectively. 
[Claim 6] An iron machine rare earth alloy magnet given in either of 
claims 1-5 characterized by said Ti radical boride phase containing TiB2. 
[Claim 7] An iron machine rare earth alloy magnet given in either of 
claims 1-6 with which the presentation ratio x and z are satisfied of 
z/x>=0. 1. 

[Claim 8] An iron machine rare earth alloy magnet given in either of 
claims 1-7 characterized by the presentation ratio y of said R being 
below 9. 5 atom %. 



[Claim 9] The iron machine rare earth alloy magnet according to claim 8 
characterized by the presentation ratio y of said R being below 9. 1 
atom %. 

[Claim 10] An iron machine rare earth alloy magnet given in either of 
claims 1-9 in which thickness has 10-micrometer or more thin band 
configuration of 300 micrometers or less. 

[Claim 11] An iron machine rare earth alloy magnet given in either of 
claims 1-9 by which disintegration is carried out. 

[Claim 12] The iron machine rare earth alloy magnet according to claim 
11 whose mean particle diameter of a powder particle is 30 micrometers 
or more 250 micrometers or less. 

[Claim 13] An iron machine rare earth alloy magnet given in either of 
claims 1-12 which have the hard magnetic property of coercive force 
HcJ>=480kA/m and residual magnetic flux density Br>=0. 7T (tesla). 
[Claim 14] The bond magnet which fabricated the magnet powder containing 
the powder of the iron machine rare earth alloy magnet indicated by 
claims 11 or 12 by resin. 

[Claim 15] an empirical formula — 100(Fel-mTm)-x-y-zQxRyMz (one or more 
sorts of elements chosen from the group which T becomes from Co and 
nickel — ) One or more sorts of elements chosen from the group which Q 
becomes from B and C, one or more sorts of rare earth metal elements 
with which R does not contain La and Ce, The process which produces the 
molten metal of the alloy with which M is expressed by Ti and the 
presentation ratio x, and y, z and m are satisfied of 10< x<=20 atom %, 
y< 6 <=10 atom %, 0. K=z<=12 atom %, and 0<=m<=0. 5, respectively, The 
quenching process which produces the quenching alloy with which Ti 
radical boride phase and an amorphous phase are intermingled at least by 
quenching the molten metal of said alloy, and said quenching alloy are 
crystallized. By it The manufacture approach of the iron machine rare 
earth alloy magnet which includes the process which forms the 
organization which contains an R2Fel4B mold compound phase, a 
ferromagnetic phase, and Ti radical boride phase, and has the average 
size of said ferromagnetic phase within the limits of Inm or more lOOnm 
or less. 

[Claim 16] The process which produces the alloy molten metal containing 
Fe, Q (one or more sorts of elements chosen from the group which Q 
becomes from B and C), R (R is rare earth elements), and Ti, The process 
which produces the coagulation alloy which cools said alloy molten metal 
and contains Ti radical boride phase and an amorphous phase, and by 
heating said coagulation alloy The manufacture approach of the iron 
machine rare earth alloy magnet which a compound phase crystal phase 



with the R2Fel4B mold crystal structure is grown up, and includes after 
that the process which makes growth of an alpha-Fe phase crystal phase 
start. 

[Claim 17] The manufacture approach of the iron machine rare earth alloy 
magnet according to claim 15 or 16 which cools the molten metal of said 
alloy using the strip cast method. 

[Claim 18] The manufacture approach of the bond magnet which includes 
the process which prepares the magnet powder produced by the manufacture 
approach of a publication by either of claims 15-17, and the process 
which produces a bond magnet using said magnet powder. 
[Claim 19] an empirical formula — 100(Fel-mTm)-x-y-zQxRyMz (one or more 
sorts of elements chosen from the group which T becomes from Co and 
nickel — ) One or more sorts of elements chosen from the group which Q 
becomes from B and C, one or more sorts of rare earth metal elements 
with which R does not contain La and Ce, M is a quenching alloy for iron 
machine rare earth alloy magnets which it is expressed by Ti, and the 
presentation ratio x, and y, z and m satisfy 10< x<=20 atom %, y< 6 <=10 
atom %, 0. K=z<=12 atom %, and 0<=m<=0. 5, respectively, and contains Ti 
radical boride phase and an amorphous phase. 

[Claim 20] The quenching alloy for iron machine rare-earth-alloy magnets 
which has the organization the compound phase crystal phase which is 
produced by cooling the alloy molten metal containing Fe, Q (one or more 
sorts of elements chosen from the group which Q becomes from B and C), R 
(R being rare earth elements), and Ti, and has the R2Fel4B mold crystal 
structure before growth initiation of an alpha-Fe phase crystal phase by 
heat treatment including Ti radical boride phase and an amorphous phase 
grows up to be. 

[Claim 21] The iron machine rare earth alloy magnet produced by heating 
the quenching alloy for iron machine rare earth alloy magnets according 
to claim 20. 

[Claim 22] The iron machine rare earth alloy magnet with which the 
R2Fel4B mold compound phase, the iron machine boride phase, the alpha-Fe 
phase, and Ti radical boride phase are intermingled in the same in-house. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the iron machine rare 
earth alloy magnet used suitable for various motors or an actuator, and 
its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, in the device for 
household electric appliances, OA equipment, electronic autoparts, etc. , 
much more high-performance-izing and small lightweight-ization are 
demanded. Therefore, about the permanent magnet used for these devices, 
it is required that making the engine-performance tare quantitative 
ratio as the whole magnetic circuit into max should be called for, for 
example, a residual magnetic flux density Br should use the permanent 
magnet more than 0. 5T (tesla). However, depending on the conventional 
comparatively cheap hard ferrite magnet, a residual magnetic flux 
density Br cannot be carried out more than 0. 5T. 

[0003] As a permanent magnet which has current and the high residual 
magnetic flux density Br beyond 0. 5T, the Sm-Co system magnet produced 
by powder-metallurgy processing is known. Except a Sm-Co system magnet, 
the Nd-Fe-B system magnet produced by powder-metallurgy processing and 
the Nd-Fe-B system quenching magnet produced by the melt quenching 
method can demonstrate the high residual magnetic flux density Br. The 
former Nd-Fe-B system magnet is indicated by JP, 59-46008, A, and the 
latter Nd-Fe-B system quenching magnet is indicated by JP, 60-9852, A. 
[0004] 

[Problem (s) to be Solved by the Invention] however, any of Sm and Co 
from which a Sm-Co system magnet serves as a raw material — although — 
since it is expensive, it has the fault that a magnet price is high. 
[0005] In the case of a Nd-Fe-B system magnet, since it is included, 
using cheap Fe as a principal component (60 % of the weight - about 70% 
of the weight of the whole), compared with a Sm-Co system magnet, it is 
cheap, but there is a problem that the costs which the production 
process takes are high. One of the reasons nil why production process 



costs are high is that a large-scale facility and a great process are 
needed for the separation purification and the reduction reaction of Nd 
for which a content occupies ten whole atoms % - 15 atom % extent. 
Moreover, when based on powder-metallurgy processing, the number of 
production processes surely increases. 

[0006] On the other hand, since the Nd-Fe-B system quenching magnet 
manufactured by the melt quenching method is obtained at the 
comparatively easy process of a dissolution process -> liquid cooling 
process -> heat treatment process, it has the advantage that process 
costs are cheap compared with the Nd-Fe-B system magnet by powder- 
metallurgy processing. However, since it is necessary to mix with resin 
the magnet powder produced from the quenching alloy, and to form a bond 
magnet in order to obtain a bulk-like permanent magnet when based on a 
melt quenching method, the filling factor (rate of a volume ratio) of 
the magnet powder occupied to the fabricated bond magnet is at most 
about 80%. Moreover, the quenching alloy produced with the melt 
quenching method is isotropy magnetically. 

[0007] From the above reason, it has the problem that the Nd-Fe-B system 
quenching magnet manufactured using the melt quenching method has low Br 
compared with the Nd-Fe-B system sintered magnet of the anisotropy 
manufactured with powder-metallurgy processing. 

[0008] As the technique of improving the property of a Nd-Fe-B system 
quenching magnet, it is effective to add complexly at least a kind of 
element chosen from the group which consists of Zr, Nb, Mo, Hf, Ta, and 
W, and a kind of element chosen from the group which consists of Ti, V, 
and Cr at least as indicated by JP, 1-7502, A. Although coercive force HcJ 
and corrosion resistance improve by addition of such an element, the 
effective method of improving a residual magnetic flux density Br is not 
learned besides improving the consistency of a bond magnet. 
[0009] In the case of the Nd-Fe-B system magnet, the concentration of 
rare earth elements has a presentation low in comparison, i. e. , the near 
presentation of Nd3. 8Fe 77. 2B19 (atomic %), and the magnet ingredient 
which makes a Fe3B mold compound the main phase is proposed (J. de Phys, 
such as R. Coehoorn, C 8 and 1998, 669-670 pages). By performing heat-of- 
crystallization processing to the amorphous alloy produced with the melt 
quenching method, this permanent magnet ingredient has the metastable 
structure formed from the fine crystal aggregate with which the Nd2Fel4 
B phase which is Fe3 B phase and hard magnetism which are soft magnetism 
is intermingled, and is called the "nano composite magnet. " Although 
having the high residual magnetic flux density Br beyond IT is reported 
about such a nano composite magnet, the coercive force HcJ is 



comparatively as low as 160 kA/m - 240 kA/m. Therefore, use of this 
permanent magnet ingredient is restricted to the application from which 
the magnetic operating point becomes one or more. 
[0010] Moreover, various metallic elements are added into the raw 
material alloy of a nano composite magnet, although the attempt which 
raises magnetic properties is made (JP, 3-261104, A — ) The patent No. 
2727505 official report, the patent No. 2727506 official report, The 
international public presentation official report W0 003/03403 of 
international application, wcChan, and et. al. "THE EFFECTS OF REFRACTORY 
METALS ON THE MAGNETIC PROPERTIES OFa 1 pha-Fe/R2Fe 1 4B-TYPE 
NAN0C0MP0SITES", IEEE, Trans. Magn. No. 5, INTERMAG. 99, Kyonglu, Korea 
pp. 3265-3267, 1999, Sufficient "characteristic value per cost" is not 
necessarily acquired. 

[0011] This invention is made in view of the above-mentioned situation, 
and the place made into the purpose is to offer the manufacture approach 
of a permanent magnet that an iron machine alloy magnet with the 
outstanding magnetic properties with which are satisfied of residual 
magnetic flux density Br>=0. 7T can be manufactured cheaply, maintaining 
high coercive force (for example, HcJ>=480 kA/m). 
[0012] 

[Means for Solving the Problem] the iron machine rare earth alloy magnet 
by this invention — an empirical formula — 100 (Fel-mTm)-x-y-zQxRyMz 
(one or more sorts of elements chosen from the group which T becomes 
from Co and nickel — ) One or more sorts of elements chosen from the 
group which Q becomes from B and C, one or more sorts of rare earth 
metal elements with which R does not contain La and Ce, M is expressed 
by Ti, and the presentation ratio x, and y, z and m satisfy 10< x<=20 
atom %, y< 6 <=10 atom %, 0. K=z<=12 atom %, and 0<=m<=0. 5, respectively, 
and it contains an R2Fel4B mold compound phase, a ferromagnetic phase, 
and Ti radical boride phase. 

[0013] As for the average size of said ferromagnetic phase, it is 
desirable that it is within the limits of lnm or more lOOnm or less. 
[0014] In a desirable operation gestalt, said ferromagnetic phase 
contains an iron machine boride phase and an alpha-Fe phase. 
[0015] In the desirable operation gestalt, said iron machine boride 
phase contains Fe3B and/or Fe23 B6. 

[0016] As for the presentation ratio x and z, it is desirable 
respectively to satisfy 13<=x<=20 atom % and 3.0 <=z<=12 atom %. 
[0017] With the desirable operation gestalt, said Ti radical boride 
phase contains TiB2. 

[0018] It is desirable that the presentation ratio x and z satisfy 



z/x>=0. 1. 

[0019] As for the presentation ratio y of said R, it is desirable that 
it is below 9. 5 atom %. 

[0020] The presentation ratio y of said R may be below 9. 1 atom %. 
[0021] In a certain desirable operation gestalt, as for said magnet, 
thickness has 10-micrometer or more thin band configuration of 300 
micrometers or less. 

[0022] Disintegration of said magnet is carried out in a certain 
desirable operation gestalt. 

[0023] In a certain desirable operation gestalt, the mean particle 
diameter of a powder particle is 30 micrometers or more 250 micrometers 
or less. 

[0024] In the desirable operation gestalt, it has coercive force 
HcJ>=480 kA/m and the hard magnetic property of residual magnetic flux 
density Br>=0. 7T. 

[0025] the bond magnet by this invention — the above — the magnet 
powder containing the powder of which iron machine rare earth alloy 
magnet is fabricated by resin. 

[0026] The manufacture approach of the iron machine rare earth alloy 
magnet by this invention an empirical formula — 100 (Fel-mTm)-x-y- 
zQxRyMz (one or more sorts of elements chosen from the group which T 
becomes from Co and nickel — ) One or more sorts of elements chosen from 
the group which Q becomes from B and C, one or more sorts of rare earth 
metal elements with which R does not contain La and Ce, The process 
which produces the molten metal of the alloy with which M is expressed 
by Ti and the presentation ratio x, and y, z and m are satisfied of 10< 
x<=20 atom % y< 6 <=10 atom %, 0. K=z<=12 atom %, and 0<=m<=0. 5, 
respectively, The quenching process which produces the quenching alloy 
with which Ti radical boride phase and an amorphous phase are 
intermingled at least by quenching the molten metal of said alloy, and 
said quenching alloy are crystallized. By it An R2Fel4B mold compound 
phase, a ferromagnetic phase, and Ti radical boride phase are contained, 
and the process which forms the organization which has the average size 
of said ferromagnetic phase within the limits of lnm or more lOOnm or 
less is included. 

[0027] The manufacture approach of the iron machine rare earth alloy 
magnet by this invention The process which produces the alloy molten 
metal containing Fe, Q (one or more sorts of elements chosen from the 
group which Q becomes from B and C), R (R is rare earth elements), and 
Ti, The process which produces the coagulation alloy which cools said 
alloy molten metal and contains Ti radical boride phase and an amorphous 



phase, and by heating said coagulation alloy A compound phase crystal 
phase with the R2Fel4B mold crystal structure is grown up, and the 
process which makes growth of an alpha-Fe phase crystal phase start 
after that is included. 

[0028] It is desirable to cool said alloy molten metal using the strip 
cast method. 

[0029] the manufacture approach of the bond magnet by this invention — 
the above — the process which prepares the magnet powder produced by 
which manufacture approach, and the process which produces a bond magnet 
using said magnet powder are included. 

[0030] The quenching alloy for iron machine rare earth alloy magnets by 
this invention an empirical formula — 100(Fel-mTm)-x-y-zQxRyMz (one or 
more sorts of elements chosen from the group which T becomes from Co and 
nickel — ) One or more sorts of elements chosen from the group which Q 
becomes from B and C, one or more sorts of rare earth metal elements 
with which R does not contain La and Ce, M is expressed by Ti, and the 
presentation ratio x, and y, z and m satisfy 10< x<=20 atom %, y< 6 <=10 
atom %, 0. K=z<=12 atom %, and 0<=m<=0. 5, respectively, and it contains 
Ti radical boride phase and an amorphous phase. 

[0031] The quenching alloy for iron machine rare earth alloy magnets by 
this invention Fe, Q (one or more sorts of elements chosen from the 
group which Q becomes from B and C), It is produced by cooling the alloy 
molten metal containing R (R being rare earth elements) and Ti. It has 
the organization the compound phase crystal phase which has the R2Fel4B 
mold crystal structure before growth initiation of an alpha-Fe phase 
crystal phase by heat treatment grows up to be including Ti radical 
boride phase and the amorphous phase. 

[0032] The iron machine rare earth alloy magnet by this invention is 
produced by heating the above-mentioned quenching alloy for iron machine 
rare earth alloy magnets. 

[0033] The iron machine rare earth alloy magnet by this invention is 
characterized by intermingling the R2Fel4B mold compound phase, the iron 
machine boride phase, the alpha-Fe phase, and Ti radical boride phase in 
the same in-house. 
[0034] 

[Embodiment of the Invention] heating and crystallizing this coagulation 
alloy, after the iron machine rare earth alloy magnet of this invention 
produces the coagulation alloy which contains Ti radical boride phase 
and an amorphous phase by cooling the iron machine alloy molten metal 
containing Fe, Q (one or more sorts of elements chosen from the group 
which Q becomes from B and C), R (R being rare earth elements), and Ti - 



- it is manufactured. 

[0035] this invention person found out that detailed crystal grain 
deposited around Ti radical boride phase by heat-of-crystallization 
processing, and big crystal grain deposited relatively in the field 
distant from Ti radical boride phase by adding a suitable quantity of Ti 
to an iron machine rare earth alloy, and forming Ti and the compound 
phase (Ti radical boride phase) of boron into the amorphous phase of a 
rapid solidification alloy. 

[0036] While controlling big and rough-ization of an alpha-Fe phase by 
using work of such a Ti radical boride phase, the high iron machine 
boride phase of magnetization can be grown up, and the property of a 
compound-die magnet can be raised by it. 

[0037] First, the description section of this invention is explained to 
a detail, referring to drawing 1 . The left-hand side part of drawing 1 
shows the organization of the rapid solidification alloy by this 
invention, and the right-hand side part shows the alloy organization 
after heat-of-crystallization processing. Although this drawing is 
created based on transparency mold microscope (TEM) observation, the 
magnitude of each configuration phase (crystal grain) is not necessarily 
equivalent to actual magnitude. 

[0038] As shown in drawing 1 , the rapid solidification alloy by this 
invention has the structure which Ti radical boride phase (TiB2 phase) 
distributed in the amorphous phase. It turns out that any crystal phases 
other than TiB2 phase were not observed especially clearly in the 
amorphous phase, but TiB2 phase deposited preferentially by quenching 
the molten metal of a raw material alloy. It has the configuration 
pillar-shaped [ this TiB2 phase ] or tabular, and that size is about 5 
micrometers of about 0. 5-1 micrometerx abbreviation. 
[0039] If heat-of-crystallization processing is performed to a rapid 
solidification alloy with such organization, two or more kinds of 
ferromagnetic phases will deposit and grow from an amorphous phase. The 
alloy after heat treatment has the organization in which the Nd2Fel4 B 
phase, the Fe23 B6 phase or Fe3 B phase, and the alpha-Fe phase were 
intermingled in addition to the TiB2 phase. 

[0040] In this way, the point which should be noted with the obtained 
magnet alloy is to form the crystal phase of a small particle size (20- 
40nm) relatively [ near the perimeter of TiB2 phase ], and form the 
crystal phase of a big particle size (50-100nm) relatively in the field 
distant from TiB2 phase. And it becomes that in which coercive force and 
a residual magnetic flux density improved, and the square shape nature 
of a demagnetization curve was excellent by having such an organization. 



[0041] Next, drawing 2 (a) - (c) is referred to. Drawing 2 R> 2 (a) is 
the typical sectional view showing the condition that Ti radical boride 
phase is formed into the amorphous phase. Drawing 2 (b) shows 
distribution of Ti concentration of the field currently illustrated, and 
B concentration, and drawing 2 (c) shows distribution of Nd 
concentration of this field, and Fe concentration. Concentration 
distribution of each element is graph-ized based on the actual 
measurement obtained by Energy Dispersive X-ray Spectroscopy. 
[0042] In the field in which Ti radical boride phase is formed, the 
concentration of Ti and B is high and the concentration of Nd and Fe is 
low so that drawing 2 (b) and drawing 2 (c) may show. Moreover, B 
concentration is increasing as it is low in the field near the perimeter 
of Ti radical boride phase and separates from Ti radical boride phase. 
On the other hand, Ti concentration is falling as it is high and 
separates from Ti radical boride phase near the Ti radical boride phase. 
[0043] It is thought from the above thing that the following thing is 
materialized. 

[0044] If a suitable quantity of Ti is added and a quenching rate is 
appropriately controlled like the alloy presentation range of this 
invention when superfluous boron (B) exists in an alloy molten metal, 
the rapid solidification alloy which Ti radical boride phases, such as 
TiB2, distributed in the amorphous phase in the quenching process will 
be obtained. Thus, if Ti radical boride phases, such as TiB2, are 
generated in a quenching alloy, in the field near the perimeter, B will 
be consumed for Ti radical boride phase formation, and the fall of B 
concentration will arise. If it assumes that neither Nd nor Fe dissolves 
to Ti radical boride phase, in the field near the perimeter of Ti 
radical boride phase, Nd and Fe are abundant and, moreover, will tend be 
run short by B. In such a condition, Nd2Fel4B becomes easy to grow. 
Consequently, before deposit / growth temperature of Nd2Fel4B falls and 
a deposit and growth of an alpha-Fe phase arise on the occasion of heat- 
of-crystallization processing, it becomes possible to generate 
sufficient quantity of Nd2Fel4 B phase. That is, it becomes possible to 
deposit and grow up Nd2Fel4 B phase preferentially, controlling the 
deposit of an alpha-Fe phase, if Ti radical boride phase is generated 
the inside of amorphous by adding Ti to an iron machine rare earth alloy. 
[0045] According to the experiment, in the initial stage (comparatively 
low phase of temperature) of heat-of-crystallization down stream 
processing, many Nd2Fel4 B phases deposit near the Ti radical boride 
phase, and a ferromagnetic iron machine boride phase is generated by the 
field (B rich field) distant from Ti radical boride phase with the rise 



of heat treatment temperature after that. And if heat treatment 
temperature rises further, an alpha-Fe phase will grow up to be the 
field distant from Ti radical boride phase. 

[0046] According to the experiment which evaluates magnetic properties, 
coercive force HcJ increases in monotone with the increment in Ti 
concentration, but after maximum-izing a residual magnetic flux density 
Br by suitable Ti concentration, when Ti more than predetermined 
concentration is added, it has the inclination to fall on the contrary. 
Thus, the main reasons which coercive force HcJ increases with the 
increment in Ti concentration are considered for the number and 
magnitude of Ti radical boride phase which deposit in a quenching alloy 
to increase according to the increment in Ti concentration, and for the 
amount of generation of Nd2Fel4 B phase to increase. 

[0047] In addition, when Ti is not added, an alpha-Fe phase deposits in 
advance of the deposit of Nd2Fel4 B phase, and it is easy to grow up. 
Consequently, the alpha-Fe phase is made big and rough in the phase 
which heat-of-crystallization down stream processing completed, and a 
magnet property deteriorates. 

[0048] Hereafter, the iron machine rare earth alloy magnet of this 
invention is explained more to a detail. 

[0049] As for the iron machine rare earth alloy magnet of this invention, 
the empirical formula is suitably expressed by 100 (Fel-mTm) -x-y-zQxRyMz. 
One or more sorts of elements chosen from the group which T becomes from 
Co and nickel here, one or more sorts of elements chosen from the group 
which Q becomes from B (boron) and C (carbon), one or more sorts of rare 
earth metal elements with which R does not contain La and Ce, and M are 
Ti. 

[0050] As for x which specifies a presentation ratio, and y, z and m, it 
is desirable respectively to satisfy 10< x<~20 atom % y< 6 <=10 atom %, 
0. K=z<=12 atom %, and the relation of 0<=m<=0. 5. 

[0051] Thus, the iron machine rare earth alloy magnet of this invention 
consists of rare earth-iron-boron (or carbon) system alloys which added 
Ti, although the presentation ratio of rare earth elements is under the 
whole 10 atom %, magnetization (residual magnetic flux density) 
maintains equivalent level by addition of Ti, or it increases, and the 
unexpected effectiveness that the square shape nature of a 
demagnetization curve improves is demonstrated. 

[0052] With the iron machine rare earth alloy magnet of this invention, 
even if a soft magnetism phase like an alpha-Fe phase or an iron machine 
boride phase exists in addition to the R2Fel4B mold compound phase of 
hard magnetism as a result of each constituent particle's joining 



together by the exchange interaction since the diameter of average 
crystal grain of a soft magnetism phase (ferromagnetic phases, such as 
alpha-Fe and an iron machine boride) is in the Inm or more range of 50nm 
or less, it becomes possible to show the square shape nature of the 
demagnetization curve which was excellent as the whole alloy. 
[0053] Moreover, in this invention, the iron machine boride phase and 
alpha-Fe phase which have the saturation magnetization of an R2Fel4B 
mold compound phase, equivalent, or saturation magnetization higher than 
it are generable. The iron machine boride phases generated are for 
example, Fe3B (saturation magnetization 1. 5T) and Fe23 B6 (saturation 
magnetization 1.6T). Here, the saturation magnetization of R2Fel4B is 
about 1. 6T, and the saturation magnetization of an alpha-Fe phase is 
2. IT. 

[0054] Usually, even if it is the case where the raw material alloy in 
such presentation range is used, Fe23 B6 and an alpha-Fe phase are 
generable [ when the presentation ratio x of B exceeds 10 atom % and the 
presentation ratio y of rare earth elements R is moreover in the range 
below 8 atom % more than 6 atom %, R2Fe 23B3 is generated but ] instead 
of R2Fe 23B3 by adding Ti like this invention. These iron machine boride 
phases contribute to the improvement in magnetization. 
[0055] According to the experiment of this invention person, only when 
Ti was added, it turned out that unlike the case where the metal of 
other classes, such as V, Cr, Mn, Nb, and Mo, is added the fall of 
magnetization does not arise but magnetization improves rather. Moreover, 
when Ti was added, compared with other above-mentioned alloying elements, 
the square shape nature of a demagnetization curve became good 
especially. It is thought that important work is carried out when 
formation of Ti radical boride phase controls generation of the low 
boride phase of magnetization from these things. 

[0056] Moreover, when Ti is added, grain growth of each configuration 
phase is controlled in a temperature field higher than the temperature 
to which an alpha-Fe phase deposits, and the outstanding hard magnetic 
property is demonstrated. And ferromagnetic phases other than R2Fel4 B 
phase or an alpha-Fe phase are generated, and it becomes possible to 
form the organization containing three or more kinds of ferromagnetic 
phases in an alloy by it. On the other hand, when metallic elements, 
such as Nb, V, and Cr, are added, as a result of grain growth of an 
alpha-Fe phase advancing remarkably in a comparatively high temperature 
field in which an alpha-Fe phase deposits and the magnetization 
direction of an alpha-Fe phase no longer being effectively restrained by 
switched connection with a hard magnetism phase, the square shape nature 



of a demagnetization curve falls greatly. 

[0057] In addition, although it is possible to obtain the good hard 
magnetic property excellent in the square shape nature of a 
demagnetization curve if it heat-treats in the comparatively low 
temperature field in which an alpha-Fe phase does not deposit when Nb, 
Mo, and W are added, with the alloy which heat-treated at such 
temperature, it is presumed that the R2Fel4B mold fine crystal phase 
distributes and exists in a nonmagnetic amorphous phase, and the 
configuration of a nano composite magnet is not formed. Furthermore, if 
it heat-treats at high temperature, an alpha-Fe phase deposits out of an 
amorphous phase. Unlike the case where M is added, after a deposit, this 
alpha-Fe phase grows rapidly and is made big and rough. For this reason, 
the magnetization direction of an alpha-Fe phase will no longer be 
effectively restrained by switched connection with a hard magnetism 
phase, and the square shape nature of a demagnetization curve will 
deteriorate greatly. 

[0058] On the other hand, since these addition metals dissolve to Fe and 
join together in antiferromagnetism when V and Cr are added, 
magnetization will fall greatly. Moreover, when V and Cr are added, the 
grain growth accompanying heat treatment is not fully controlled, but 
the square shape nature of a demagnetization curve deteriorates. 
[0059] Thus, only when Ti is added, big and rough-ization of an alpha-Fe 
phase is controlled appropriately, and it becomes possible to form a 
ferromagnetic iron machine boride phase. Furthermore, in order for Ti to 
delay crystallization of Fe primary phase (gamma-Fe which metamorphoses 
into an alpha-Fe phase behind) at the time of liquid quenching, to 
consider as the element which makes generation of a supercooled liquid 
easy and to carry out important work with boron and carbon, It becomes 
possible to produce the quenching alloy with which an R2Fel4B mold 
crystal phase and an amorphous phase are intermingled, without 
depositing an alpha-Fe phase, even if it makes the cooling rate at the 
time of quenching an alloy molten metal into the comparatively low value 
of 102 degrees C/second - about 104 degrees C/second. Especially this is 
important for low-cost-izing in order to enable adoption of the strip 
cast method for having been suitable for mass production out of various 
melt quenching methods. 

[0060] As an approach; of quenching an alloy molten metal and obtaining a 
raw material alloy, the strip cast method for pouring out a molten metal 
from tundish on a cooling roller directly, without performing control of 
flow of the molten metal by the nozzle orifice has high productivity, 
and is an approach that a manufacturing cost is low. In order to make 



amorphous the molten metal of a R-Fe-B system rare earth alloy in the 
cooling rate range which can be attained also by the strip cast method, 
it is usually necessary to add B (boron) more than 10 atom %. Thus, when 
many B is added, even after performing heat-of-crystallization 
processing to a quenching alloy, a nonmagnetic amorphous phase with high 
B concentration remains all over a metal texture, and a homogeneous fine 
crystal organization is not obtained. Consequently, the rate of a volume 
ratio of a ferromagnetic phase falls, and the fall of magnetization is 
invited. However, if Ti is added like this invention, since the 
phenomenon mentioned above will be observed, magnetization improves 
unexpectedly. 

[0061] or, as for the [reason for limitation of a presentation] Q, the 
whole quantity consists of B (boron) — or the combination of B and C 
(carbon) or C — since independent, it is constituted. Since big and 
rough crystal grain deposits when the cooling rate at the time of 
quenching is comparatively low in 102 degrees C/second - about 104 
degrees C/[ a second and ] if the presentation ratio x of Q becomes 
below 10 atom %, even if it heat-treats after that, only HcJ of less 
than 480 kA/m is obtained. Moreover, also in a melt quenching method, it 
becomes impossible for process costs to adopt the comparatively cheap 
strip cast method, and the price of a permanent magnet will rise. 
Moreover, if the presentation ratio x of Q exceeds 20 atom %, since the 
rate of an abundance ratio of the alpha-Fe phase which has the highest 
saturation magnetization in a configuration phase to the increase of the 
rate of the volume ratio of the amorphous phase in which after heat-of- 
crystallization processing remains, and coincidence will decrease, a 
residual magnetic flux density Br will fall. It is desirable for the 
presentation ratio of Q to exceed 10 atom %, and to set it as the range 
below 20 atom % from the above thing. 

[0062] R is rare earth elements which do not contain La and Ce 
substantially. Existence of La or Ce degrades coercive force and square 
shape nature. However, it is satisfactory when La and Ce (below 0. 5 
atom %) of a minute amount exist as an impurity mixed unescapable. As 
for R, it is desirable that Pr or Nd is included as an essential element, 
and, more specifically, it may permute a part of the essential element 
by Dy and/or Tb. When the presentation ratio y of R becomes under the 
whole 6 atom %, the compound phase which has the R2Fel4B mold crystal 
structure required for the manifestation of coercive force does not 
fully deposit, but it becomes impossible to acquire the coercive force 
HcJ of 480 or more kA/m. It becomes impossible moreover, to obtain Br 
beyond 0. 7T, as a result of the abundance of the iron machine boride 



phase which has ferroraagnetism, or an alpha-Fe phase falling and these 
stopping contributing to improvement in a residual magnetic flux density 
Br, when the presentation ratio y of R becomes more than 10 atom %. 
Moreover, in order to acquire the effectiveness of Ti addition, as for 
the presentation ratio y of rare earth elements R, it is desirable to 
adjust in the range under of 10 atom % more than 6 atom %. The range of 
more desirable R is below 9, 5 atom % more than 6. 5 atom %, and the range 
of still more desirable R is below 9. 1 atom % more than 7.5 atom %. 
[0063] M is Ti. Ti does so the operation effectiveness which is an 
indispensable element and was mentioned above in generation of Ti 
radical boride phase, by it, contributes to the improvement of the 
improvement in coercive force HcJ and a residual magnetic flux density 
Br, and the square shape nature of a demagnetization curve, and raises 
maximum energy product (BH) max. 

[0064] If the presentation ratio z of Ti becomes under the whole 0. 1 
atom %, Ti radical boride phase will not be generated and the 
effectiveness of this invention will not fully be discovered. On the 
other hand, if the presentation ratio z of Ti exceeds the whole 12 
atom %, since the rate of a volume ratio of the amorphous phase in which 
after heat-of-crystallization processing remains will increase, the fall 
of a residual magnetic flux density Br is invited. As for the above 
thing to the presentation ratio z, it is desirable to consider as the 
range below 12 atom % more than 0. 1 atom %. Furthermore, the minimum of . 
the range of desirable Ti concentration is three atoms %, and the upper 
limit of the range of still more desirable Ti concentration is 8.0 
atoms %. Moreover, since the amorphous phase which contains Q 
superfluously is easy to be formed so that the presentation ratio x of Q 
is high, it is desirable to make Ti concentration high. It is 
specifically desirable to adjust a presentation ratio so that z/x>=0. 1 
may be satisfied, and it is more desirable to satisfy z/x>=0. 2. 
[0065] Although Fe occupies the content remainder of an above-mentioned 
element, even if it permutes a part of Fe by a kind of Co and nickel, or 
two sorts of transition-metals elements (T), it can obtain desired hard 
magnetic property. If the amount of permutations of T to Fe exceeds 50%, 
the high residual magnetic flux density Br beyond 0. 7T will not be 
obtained. For this reason, as for the amount of permutations, it is 
desirable to limit to 50% or less of range 0% or more. In addition, 
since the Curie temperature of R2Fel4 B phase rises while coercive force 
HcJ improves by permuting a part of Fe by Co, thermal resistance 
improves. The range where the amount of Fe permutations by Co is 
desirable is 40% or less 0.5% or more. 



[0066] Next, the desirable operation gestalt of this invention is 
explained, referring to a drawing. 

[0067] With this operation gestalt, a raw material alloy is manufactured 
using the quenching equipment shown in drawing 3 , for example. In order 
to prevent oxidation of the raw material alloy containing the rare earth 
elements R and Fe which are easy to oxidize, an alloy production process 
is performed in an inert gas ambient atmosphere. As inert gas, rare gas 
and nitrogen, such as helium or an argon, can be used. In addition, as 
for nitrogen, it is desirable to use rare gas, such as helium or an 
argon, in order to tend to react in comparison with rare earth elements 
R. 

[0068] The equipment of [liquid super-quenching equipment] drawing 3 
held the vacuum or the inert gas ambient atmosphere, and is equipped 
with the dissolution room 1 and the quenching room 2 of the raw material 
alloy which can adjust the pressure. Drawing 3 (a) is a whole block 
diagram, and drawing 3 (b) is some enlarged drawings. 
[0069] As shown in drawing 3 (a), the dissolution room 1 is equipped 
with the fusion furnace 3 which dissolves the raw material 20 blended so 
that it might become a desired magnet alloy presentation at an elevated 
temperature, the hot-water-storing container 4 which has the tapping 
nozzle 5 at the pars basilaris ossis occipitalis, and the combination 
feeding equipment 8 for supplying a feed ingredient in a fusion furnace 
3, controlling atmospheric penetration. The hot-water-storing container 
4 stores the molten metal 21 of a raw material alloy, and has the 
heating apparatus (un-illustrating) which can maintain the tapping 
temperature on predetermined level. 

[0070] The quenching room 2 is equipped with the rotation cooling roller 
7 for carrying out the rapid solidification of the molten metal 21 which 
came out of the tapping nozzle 5. 

[0071] In this equipment, the ambient atmosphere in the dissolution room 
1 and the quenching room 2 and its pressure are controlled by the 
predetermined range. Therefore, controlled atmosphere feed hopper lb, 2b 
and 8b, and the flueing openings la, 2a, and 8a are formed in the 
suitable part of equipment. Especially flueing opening 2a is connected 
to the pump in order to control the absolute pressure in the quenching 
room 2 within the limits of vacuum -50kPa. 

[0072] A fusion furnace 3 can be tilted and pours in a molten metal 21 
suitably in the hot-water-storing container 4 through a funnel 6. A 
molten metal 21 is heated by non-illustrated heating apparatus in the 
hot-water-storing container 4. 

[0073] The tapping nozzle 5 of the hot-water-storing container 4 is 



arranged at the septum of the dissolution room 1 and the quenching room 
2, and makes the front face of a cooling roller 7 in which it is located 
caudad flow down the molten metal 21 in the hot-water-storing container 
4. The diameter of an orifice of the tapping nozzle 5 is 0. 5-2. Omm. With 
this operation gestalt, when the viscosity of a molten metal 21 is large, 
although a molten metal 21 stops being able to flow easily in the inside 
of the tapping nozzle 5, in order to hold the quenching room 2 in the 
pressure condition lower than the dissolution room 1, differential 
pressure is formed between the dissolution room 1 and the quenching room 
2, and tapping of a molten metal 21 is performed smoothly. 
[0074] As for a cooling roller 7, it is desirable to form from the alloy 
containing Cu, Fe or Cu, or Fe. If a cooling roller is produced with 
ingredients other than Cu or Fe, since the detachability over the 
cooling roller of a quenching alloy will worsen, it is [ a possibility 
that a quenching alloy may coil around a roll ] and is not desirable. 
The diameter of a cooling roller 7 is 300-500mm. The water-cooled 
capacity of a water cooler established in the cooling roller 7 is 
computed and adjusted according to the coagulation latent heat and the 
amount of tapping per unit time amount. 

[0075] According to the equipment shown in drawing 3 , the rapid 
solidification of a total of the 10kg raw material alloy can be carried 
out, for example in 10 - 20 minutes. In this way, the formed quenching 
alloy serves as the alloy thin band (thickness: 10-300micrometer and 
width-of-face:2mnr-3mm) (alloy ribbon) 22. 

[0076] [Melt quenching method] The molten metal 21 of the raw material 
alloy expressed with the above-mentioned empirical formula is produced 
first, and it stores in the hot-water-storing container 4 of the 
dissolution room 1 of drawing 3 . Next, tapping of this molten metal 21 
is carried out from the tapping nozzle 5 on the water-cooled roll 7 in a 
reduced pressure Ar ambient atmosphere, and contact on the water-cooled 
roll 7 quenches it, and it is solidified. It is necessary to use the 
approach of controlling a cooling rate with high precision as the rapid 
solidification approach. 

[0077] In the case of this operation gestalt, it is desirable to carry 
out a cooling rate on the occasion of the cooling coagulation of a 
molten metal 21 in 1x102 to 1x108 degrees C/second, and it is still more 
desirable to carry out in 5x103 to 1x106 degrees C/second. 
[0078] The time amount by which the molten metal 21 of an alloy is 
cooled with a cooling roller 7 is equivalent to time amount after an 
alloy contacts the periphery front face of the rotating cooling roller 7 
until it separates, and between them, the temperature of an alloy falls 



and is solidified. Then, the solidified alloy separates from a cooling 
roller 7, and flies the inside of an inert atmosphere. As a result of 
heat's being taken by the controlled atmosphere while the alloy is 
flying with thin band-like one, the temperature falls further. 
[0079] With this operation gestalt, the other part is producing the 
quenching alloy in an abbreviation amorphous condition including Ti 
radical boride phase by adjusting roll surface velocity a second within 
the limits of 4m /or more 50ra/second or less. Since the iron machine 
rare earth alloy magnet property which roll surface peripheral velocity 
makes the purpose in order that a crystal phase may occur and grow in a 
second in less than 4m /is no longer acquired, it is not desirable. On 
the other hand, when performing next heat-of-crystallization down stream 
processing since the whole quenching alloy serves as an amorphous phase 
if roll surface peripheral velocity exceeds a second in 50m /, since a 
crystallization process advances rapidly and control of an organization 
becomes difficult, it is not desirable. The range of a desirable roll 
quenching rate is 5m/second or more 30m/second or less, and it comes out 
of the range of a more desirable roll quenching rate a second 7m /or 
more 20m /or less a second. 

[0080] In addition, the quenching method of an alloy molten metal used 
by this invention may not be limited to the above-mentioned piece 
rolling method, but may be the congruence rolling method, the gas 
atomizing method, the strip cast method, a cooling method that combined 
the rolling method and the gas atomizing method further. 
[0081] Also in the above-mentioned quenching method, the cooling rate of 
the strip cast method is comparatively low, and is 102-104 degrees 
C/second. With this operation gestalt, by adding a suitable quantity of 
Ti into an alloy, even when based on the strip cast method, the 
quenching alloy with which the solidification structure which does not 
contain Fe primary phase occupies most can be formed. Since process 
costs are below one half extent of other melt quenching methods, the 
strip cast method is effective when producing a lot of quenching alloys 
compared with the piece rolling method, and is a technique suitable for 
fertilization. Since the metal texture containing many Fe primary phases 
generates even if it forms a quenching alloy using the strip cast method 
when not adding Ti to a raw material alloy, or when Cr, V, Mn, Mo, Ta, 
and/or W are added instead of Ti, a desired metal texture cannot be 
formed. 

[0082] With [heat treatment] book operation gestalt, heat treatment is 
performed in an argon ambient atmosphere. Preferably, a programming rate 
is carried out in 5 degrees C/second - 20 degrees C/second, and at 550- 



degree-C or more temperature of 850 degrees C or less, 30 seconds or 
more, after [ 20 or less minutes ] carrying out time amount maintenance, 
it cools to a room temperature. Of this heat treatment, into an 
amorphous phase, the fine crystal of a metastable phase deposits and 
grows and nano composite organization is formed. Since the high iron 
machine boride phase of magnetization is generated while according to 
this invention a Nd2Fel4B mold crystal phase grows ahead of an alpha-Fe 
phase and big and rough-ization of an alpha-Fe phase is prevented by 
work of Ti radical boride phase, a magnet property improves. 
[0083] In addition, if heat treatment temperature is less than 550 
degrees C, since an R2Fel4B mold crystal phase does not deposit, 
coercive force is not discovered. Moreover, if heat treatment 
temperature exceeds 850 degrees C, grain growth of each configuration 
phase will be remarkable, a residual magnetic flux density Br will fall, 
and the square shape nature of a demagnetization curve will deteriorate. 
For this reason, although 550 degrees C or more 850 degrees C or less of 
heat treatment temperature are desirable, the range of more desirable 
heat treatment temperature is 570 degrees C or more 820 degrees C or 
less. 

[0084] A heat treatment ambient atmosphere has desirable inert gas, such 
as Ar gas of 50 or less kPas, and N2 gas, in order to prevent oxidation 
of an alloy. 0. You may heat-treat in the vacuum of 1 or less kPa. 
[0085] In the quenching alloy before heat treatment, metastable phases, 
such as Fe3 B phase, a Fe23 B6 phase, R2Fel4 B phase, and an R2Fe23B 
three phase circuit, may be slightly contained in addition to Ti radical 
boride phase and the amorphous phase. In that case, by heat treatment, 
an R2Fe23B three phase circuit can disappear, and can carry out crystal 
growth of the iron machine boride phase (for example, Fe23 B6) and 
alpha-Fe phase which show the saturation magnetization of R2Fel4 B phase, 
equivalent, or saturation magnetization higher than it. 
[0086] Finally, lnm or more organization 50nm or less (nano composite 
structure) is obtained for the diameter of average crystal grain of a 
soft magnetism phase. In addition, as for the diameter of average 
crystal grain of the viewpoint of the improvement in magnetic properties 
to a soft magnetism phase, it is desirable that it is in the 5nm or more 
range of 50nm or less. Even if a soft magnetism phase like an alpha-Fe 
phase or an iron machine boride phase exists in the case of this 
invention, in order that a soft magnetism phase and a hard magnetism 
phase may join together magnetically by the exchange interaction, 
outstanding magnetic properties are demonstrated. 

[0087] In addition, the thin band of a quenching alloy may be coarsely 



cut or ground before heat treatment. 

[0088] If the obtained iron machine rare earth alloy magnet is 
pulverized after heat treatment and magnet powder (magnetic powder) is 
produced, various bond magnets can be manufactured according to a well- 
known process from the magnetic powder. When producing a bond magnet, it 
is mixed with an epoxy resin or Nylon and nano composite magnetic powder 
is fabricated by the desired configuration. At this time, other magnetic 
powder, for example, Sm-Fe~N system magnetic powder, and hard ferrite 
magnetic powder of a class may be mixed to nano composite magnetic 
powder. 

[0089] Various kinds of rotating machines, such as a motor and an 
actuator, can be manufactured using an above-mentioned bond magnet. 
[0090] When using the nano composite ** end of this invention for 
injection-molding bond magnets, it is desirable to grind so that grain 
size may be set to 150 micrometers or less, and the mean particle 
diameter of more desirable powder is 1 micrometers or more 100 
micrometers or less. Moreover, when using for compression-molding bond 
magnets, it is desirable to grind so that grain size may be set to 300 
micrometers or less, and the mean particle diameter of more desirable 
powder is 30 micrometers or more 250 micrometers or less. The still more 
desirable range is 50 micrometers or more 150 micrometers or less. 
[0091] (An example and example of a comparison) Weighing capacity was 
carried out so that a total amount might become 30g g using the 
ingredient of B, C, Fe, Co, Ti, and Nd of 99. 5% or more of purity about 
each of a sample (No. l~No. 6) which has first the presentation shown in 
the following table 1, and it supplied in the quartz crucible. Here, 
sample No. 1-No. 5 are equivalent to the example of this invention, and 
sample No. 6 are equivalent to the example of a comparison. 
[0092] 
[Table 1] 
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[0093] In Table 1, it is shown that "Ti8" of the column currently 
displayed as "M" added Ti of 8 atom %, and the display of "-" shows 



having not added Ti. 

[0094] Since the quartz crucible used for molten metal production has 
the orifice with a diameter of 0.8mm at the pars basilaris ossis 
occipitalis, after dissolving within a quartz crucible, the above™ 
mentioned raw material serves as an alloy molten metal, and will be 
caudad dropped from an orifice. The pressure performed the dissolution 
of a raw material using the high-frequency-heating method to the bottom 
of the argon ambient atmosphere of 1.33kPa(s). In this example, molten 
metal temperature was set as 1500 degrees C. 

[0095] The molten metal was made to blow off to the peripheral face of 
the copper roll in the location of 0.7mm of lower parts of an orifice by 
pressurizing the surface of hot water of an alloy molten metal by Ar gas 
of 26. 7kPa(s). A roll rotates at high speed, while the interior is 
cooled so that the temperature of the peripheral face may be maintained 
by room temperature extent. For this reason, the alloy molten metal 
dropped from the orifice will be flown in the peripheral-velocity 
direction, contacting a roll peripheral surface and heat being taken. 
Since an alloy molten metal is continuously dropped on a roll peripheral 
surface through an orifice, the alloy solidified by quenching will have 
the gestalt of the ribbon (width of face' 2-3mm, thickness: 20- 
50micrometer) prolonged for a long time in thin band-like one. 
[0096] In the case of the roll kneader method (the single rolling 
method) adopted by this example, a cooling rate is prescribed by roll 
peripheral velocity and the amount of molten metal flowing down per unit 
time amount. It depends for this amount of molten metal flowing down on 
the diameter of an orifice (cross section), and the molten-metal- 
pressure force. In this example, the diameter of 0.8mm and the molten- 
metal-pressure force were set to 26. 7kPa(s), and the flowing-down rate 
was set for the orifice as a part for about 0. 5-lkg/. 

[0097] In this example, as shown in Table 1, the roll rate (roll surface 
velocity Vs) was set up. 

[0098] Thus, when the characteristic X ray of CuKalpha investigated the 
organization of the quenching alloy produced by the performed melt 
quenching method, it checked that any sample was the alloy with which an 
amorphous phase occupies most. When checked based on the transmission 
electron microscope photograph, into the rapid solidification alloy, the 
organization where the amorphous phase and the crystal phase (TIB2 
phase) were intermingled was formed. 

[0099] Next, the quenching alloy of No. l~No. 8 was heat-treated in Ar gas. 
After specifically holding each quenching alloy for 6 minutes with the 
heat treatment temperature shown in the rightmost column of Table 1, it 



cooled to the room temperature. Then, the magnetic properties of each 
sample were measured using the oscillatory type magnetometer. The 
following table 2 shows this measurement result. 
[0100] 
[Table 2] 
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[0101] As shown in Table 2, the magnetic properties of an example were 
extremely excellent as compared with the magnetic properties of the 
example of a comparison. 

[0102] Drawing 4 shows the demagnetization curve of the sample (example 
of a comparison) of No. 1 (example) and No. 6. The axis of ordinate of the 
graph shown in drawing 4 shows magnetization, and the axis of abscissa 
shows the reinforcement of a demagnetizing field H. The square shape 
nature of the demagnetization curve of an example is very good as 
compared with the square shape nature of the example of a comparison so 
that drawing 4 may show. In the case of the example of a comparison, 
since the diameter of crystal grain of an alpha-Fe phase is large, it is 
thought that square shape nature has deteriorated. Drawing 5 and drawing 
6 show the X diffraction pattern before and behind heat treatment of the 
sample (example of a comparison) of No. 1 (example) and No. 6, 
respectively. 

[0103] In the case of the example which added Ti, with the alloy before 
heat treatment (as-spun), most diffraction peaks which show 
crystal linity are not observed so that drawing 5 may show, but according 
to transmission electron microscope observation, TiB2 deposits as 
mentioned above. After performing heat treatment for 6 minutes at 660 
degrees C, the diffraction peak which shows generation of a compound 
phase with the Nd2Fel4B mold crystal structure is observed. That 
reinforcement is not large although the diffraction peak of an alpha-Fe 
phase is also observed at this time. When heat treatment temperature is 
780 degrees C, the reinforcement of the diffraction peak of an alpha-Fe 
phase is increasing relatively, and is presumed that the crystallization 



temperature of an alpha-Fe phase is higher than the crystallization 
temperature of Nd2Fel4B. 

[0104] On the other hand, after performing heat treatment for 6 minutes 
at 660 degrees C as shown in drawing 6 when Ti is not added, the 
diffraction peak which shows generation of a compound phase with the 
Nd2Fel4B mold crystal structure was not observed, but the diffraction 
peak of an alpha-Fe phase was observed clearly. This shows that the 
alpha-Fe phase is depositing and growing before crystallization of 
Nd2Fel4 B phase. When heat treatment temperature is 780 degrees C, the 
reinforcement of the diffraction peak of an alpha-Fe phase became very 
strong, and big and rough-ization. of an alpha-Fe phase has arisen. 
[0105] Drawing 7 and drawing 8 are the transmission electron microscope 
photographs of the alloy of sample No. 3. Drawing 7 (a) shows TiB2 phase 
in the alloy after rapid solidification, and drawing 7 (b) shows TiB2 
phase in the alloy after 600-degree-C heat treatment for 6 minutes. 
Drawing 8 (a) shows the crystal phase near the perimeter of TiB2 phase 
in the alloy after the above-mentioned heat treatment, and drawing 8 (b) 
shows the crystal phase of a field which is separated from TiB2 phase in 
the alloy after the above-mentioned heat treatment. 

[0106] TiB2 phase exists from before heat-of-crystallization processing, 
after heat-of-crystallization processing, the comparatively small 
crystal phase of particle size is formed in the field near the perimeter 
of TiB2 phase, particle size resembles the field distant from TiB2 phase 
comparatively, and the big crystal phase is formed in it so that drawing 
7 and drawing 8 may show. 
[0107] 

[Effect of the Invention] According to this invention, reducing the 
amount of required rare earth elements by generating Ti radical boride 
phase in a rapid solidification alloy, by increasing the rate of a 
volume ratio of an R2Fel4B mold compound phase, coercive force is 
heightened and the iron machine rare earth alloy magnet which fully 
raised the residual magnetic flux density is offered by moreover forming 
the strong ferromagnetic high phase of magnetization. 
[0108] Moreover, since the deposit of an alpha-Fe phase can be 
controlled also with a cooling rate comparatively later than adding Ti 
into a raw material alloy in case a quenching alloy is produced using a 
melt quenching method according to this invention, generation of the 
alpha-Fe phase at the time of a liquid quenching process is controlled, 
and the square shape nature of a demagnetization curve will become good. 
Moreover, like the strip cast method, a cooling rate is comparatively 
slow, and since it becomes possible to use the melt quenching method 



suitable for fertilization, it is very effective in reduction of a 
manufacturing cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The organization of the rapid solidification alloy by this 
invention is shown, a right-hand side part shows the organization of the 
alloy before heat-of-crystallization processing (as-spun), and the left- 
hand side part shows the organization of the alloy after heat-of- 
crystallization processing. 

[Drawing 2] (a) is the typical sectional view showing the condition that 
Ti radical boride phase is formed into the amorphous phase, (b) is a 
graph which shows typically distribution of Ti concentration of the 
field currently illustrated, and boron concentration, and (c) is a graph 
which shows typically distribution of Nd concentration of this field, 
and Fe concentration. 

[Drawing 3] (a) is the sectional view showing the whole equipment 
example of a configuration used for the approach of manufacturing the 
quenching alloy for the iron machine rare earth alloy magnet by this 
invention, and (b) is an enlarged drawing of a part with which rapid 
solidification is performed. 

[Drawing 4] It is the graph which shows the demagnetization curve of the 
sample (example of a comparison) of No. 1 (example) and No. 6. 
[Drawing 5] It is the graph which shows the X diffraction pattern before 
and behind heat treatment of No. 1 (example). 

[Drawing 6] It is the graph which shows the X diffraction pattern before 
and behind heat treatment of the sample (example of a comparison) of 
No. 6. 



[Drawing 7] It is the. transmission electron microscope photograph in 
which TiB2 phase before and behind heat-of-crystallization processing is 
shown about the example of this invention, (a) shows TiB2 phase in the 
alloy after rapid solidification, and (b) shows TiB2 phase in the alloy 
after 600-degree-C heat treatment for 6 minutes. 

[Drawing 8] It is the transmission electron microscope photograph in 
which the alloy organization after heat-of-crystallization processing is 
shown about the example of this invention, (a) shows the crystal phase 
near the perimeter of TiB2 phase in the alloy after the heat-of- 
crystallization processing for 600-degree-C 6 minutes, and (b) shows the 
crystal phase of a field which is separated from TiB2 phase in the alloy 
after the above-mentioned heat-of-crystallization processing. 
[Description of Notations] 

lb, 2b, 8b and 9b Controlled atmosphere feed hopper 
la, 2a, 8a, and 9a Flueing opening 

1 Dissolution Room 

2 Quenching Room 

3 Fusion Furnace 

4 Hot-Water-Storing Container 

5 Tapping Nozzle 

6 Funnel 

7 Rotation Cooling Roller 

21 Molten Metal 

22 Alloy Thin Band 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 




[Drawing 8] 
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